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1. Introduction
- background, technical approach

2. Core-shell nanoclusters (Mg/Cu, Si/Al, etc.)

- energetic additives for propellants, explosives
- gas generators
- biocidal defeat agents

3. Summary and conclusions
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%\\ /) Cu,Mg, core-shell nanocluster
R <r inversion

In helium droplet experiments, Mg atoms were captured in first pickup
cell, followed by capture of Cu atoms to form Cu,Mg, core-shell
nanoclusters. However, scanning transmission electron microscopy
(STEM) measures show cluster inversion occurred to produce Mg,Cu,(!)

a) copper atoms
b) magnesium atoms
c) oxygen atoms

d) composite image
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1. Structure of Mg, cluster
was fully optimized.

2. Two Cu atoms were
placed on opposite sides of
Mg, and structure
reoptimized.

3. Distance between Cu
atoms was decreased in
steps of 0.25 A, held fixed,
and remaining DOF
reoptimized.

4. Total energy plotted as
function of fixed Cu-Cu
distance.
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Energy barrier is
~0.5 kcal/mol

DFT calculations: B3PW91/aug-cc-pwCVTZ(-PP) level
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Drop in energy in Cu,Mg,, is hot due to Mg;, rearranging to more stable structure.
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Cu;,;Mg,
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Energy barrier

~6 kcal/mol
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% < Formation of SiAl,

MRMP2(10e,120)/aug-cc-pviz level of theory

5A,, -0.63 eV

5A, , -1.55 eV

3SA” , -1.80 eV

A, -2.00 eV 3B, , -2.04 eV
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%- % Formation of SiAl,

MRMP2(10e,120)/aug-cc-pviz level of theory

1, , -0.58 eV

1, -0.64 eV

577, -0.70 eV

154", -0.89 eV

3, -0.94 eV

1, , -1.28 eV
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 Mg/Cu core-shell nanoclusters

Helium droplet experiments show inversion of Cu,Mg, clusters to Mg,Cu,.

Cu atoms diffusing into Mg,, and vice-versa, have been modeled using DFT.
« Estimated barrier for Cu atoms to migrate into Mg, is < 1 kcal/mol.
« Estimated barrier for Mg atoms to migrate into Cu,, is 6 kcal/mol.

Calculations are consistent with observed Cu/Mg inversion.

« SiAl, clusters

SiAl, has multiple local minima which are more stable than ground state SiAl
(*27) + Al (°P)
« Cyclic (C,, and C) and linear (D.,;, and C.,,)
« Singlet, triplet, quintet states
At long SiAl-------- Al separations, preferred approach is linear
« Al-Si-Al: [, can form without a barrier
« Si-Al-Al: °[] can form without a barrier
Barriers for linear <« cyclic isomerizations TBD
In helium droplet environment, linear quintet states may be formed.
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Mg, clusters

“Closed shell” atomic configuration [(1s)?(2s)?(2p)®(3s)?] suggests that
weak dispersion interactions will be important. Need to consider
- core-core and core-valence correlation
- correlation method (MP2, CC, DFT)
- “active” electrons to be correlated in MP2, CC
- suitable DFT functional for larger Mg,
clusters (up to n = 100)

cc-pwCVDZ | ce- pWCVTZ cc-pwCVQZ

23.1 / 3.042 28.5 3.013 291 / 3.011
CCSD(T) 16.7 / 3.100 tod / 3.064 tod/ 3.065
DFT/B3PW91 26.5 / 3.092 26.5 / 3.091 26.4 / 3.092
DFT/PBE 346 / 3.070 345 / 3.070 34.3 / 3.070
DFT/PBEO 31.5 / 3.078 31.5 / 3.078 314 / 3.078
DFT/MO06 30.8 / 3.028 30.4 / 3.025 TBD / TBD
DFT/M11 19.2 |/ 3.134 TBD / TBD TBD / TBD

Calculated binding energies used to determine size of helium droplet needed for evaporative cooling
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Diatomic: Si (3P) + Al (2P) — SiAl (4Y-)

Triatomic: SiAl (4°) + Al (2P) — SiAl, (triplet or quintet)

°—H ZAPT(2)/aug-cc-pvtz level By
2.358 2.816 of theory '
35-,-1.28 eV
2.748
2.238
154", -1.70 eV
. 2.528 a . 2.443
35,7, -1.93 eV 1A, , -2.65 eV 2.767

3B, , -2.67 eV
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\Z SiAl + Al — SiAl,

SIiAl (43) + Al (2P) AISi (45) + Al (2P)

-772.855000 -772.855000
-772.860000 -772.860000
-772.865000 -772.865000
-772.870000 -772.870000
-772.875000 f -772.875000 /
-772.880000 / -772.880000 ‘f

} |
172585000 1 772.8850000.00 2.IOO 4.60 6.60 8.I00 10j00 12100
-772.8900000.00 2.60 4.60 6.60 8.60 10j00 12100 R(SI'AI)

R(AI-Al)

MRMP2(4e,50)/aug-cc-pVTZ
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